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The standard modelGgy = SUB)c x SU(2)L. x U(1)y
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Mystery of the standard mod
Origin of the hierarchical structure of fermion mas
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¥ Down quarks and charged leptons have similar structure

of mass hierarchy.

¥ Hierarchy among up quarks is much larger.

= Grand unibPed theory (GUT) may provide the soluti



Grand Unibed Theory (GU
Gauge interaction of the standard model: SUB3)c ! SUR2). ! UQQ)y
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Three gauge couplings meet at the high energy s
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Minimal modeil SU(5) GUT
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(SUSY) SU(5) GUT

¥ Quarks and lepton
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GUT based on larger gauge grc
Matter belds are unibed i80(10) GUT andEg GUT
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In E¢ GUT, the mass hierarchy of fermions can be explained naly
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Assume that(53,55,5%) and (51, 55, 53) obtain large mass term
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Doublet-triplet splitting (DTS) problen
New belds inSU(5) GUT: triplet Higgs Hc, Bc
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In SO(10) GUT (and in Eg GUT), there is a solution for the DTS problel
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If m! va, proton decay can be avoide



Adjoint VEV A" In Eg GUT

Es D SUB)c x SU2)L x U(1)y x U(L)y x U(1)y:
A" can be written as a linear combination of thé(1) charge
A" = XQv' + yQv + zQy

The contribution to the Yukawa coupling from the adjoint Hig!A" is
determined by the U(1) charge of quarks:
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The choice of adjoint VEV Bkect the structure of fermion mixin
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Realistic model of [3av
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Yukawa interaction
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This term is dependent on the choice of adjoint VEY".

The CKM matrix Vckm can be obtained by diagonalizing, and Yy:
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Relation with the DTS problel

If | =1 1/4, the correct structure of CKM matrix can be obtain¢
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Summan

e In £ GUT, mass hierarchy of fermions can be explained natu
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¥ 145" # Qg __ Is a natural solution for the DTS problel
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¥ In the realistic model, the correct structure of the CKM matrix
can be obtained only if 145" # Qg | is satisfied.
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